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ABSTRACT 
 
 
 
 
In order to fulfill various needs of different users in different applications, 
there must exist a mutual understanding between software house and the users. The 
software developers should know exactly what the users need in their work and the 
developed software should perform accordingly. The users could come from any 
discipline, and the designers and the engineers are amongst those. In this project, a 
study has been carried out to compare the effectiveness between COSMOS software 
and the finite element generated programming code in order to do stress analysis on 
3D object. In this study, the amount of stress will be imposed on subject area, and the 
resulted effect will be visualized as a gradual changed of colors. The engineers and 
designers will benefit from this study in terms of increasing their skill in design and 
obtain a well defined design since the competition become higher day after day. 
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ABSTRAK 
 
 
 
 
 Untuk memenuhi barbagai keperluan para penguna dalam applikasi yang 
berbeza beza, dipastikan adanya fahaman yang sesuai di antara rumah perisian dan 
para penguna. Para pembangung perisian mengetahui keperluan para penguna dalam 
kegiatan mereka oleh krena itu perisian yang sudah di bangungkan mesti memenuhi 
keperluan tersebut. Para penguna adalah daripada berbagai displin, para jurutera di 
antara mereka. Dalam kajian ini, perbandingan di antara COSMOS software dan 
finite element generated programming code untuk menganalisis stress pada objek 
ber-tiga dimensi. Dalam kajian ini, kadar stress telah di ekspose di atas permukaan 
objek. Para jurutera akan mendapati manfat dan untung daripada kajian ini untuk 
menambah keahlian mereka dalam reka bentuk lagi pula untuk mendapati reka 
bentuk yang jelas dengan pertandingan yang semakin naik. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 viii
 
 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER    TITLE    PAGE 
 
  TITLE PAGE          i 
  DECLARATION          ii 
  DEDICATION          iv 
  ACKNOWLEDGEMENT         v 
  ABSTRACT           vi 
  ABSTRAK           vii 
  TABLE OF CONTENTS         viii 
  LIST OF TABLES          xi 
  LIST OF FIGURES          xii 
  LIST OF APPENDICES         xiv 
 
     1  INTRODUCTION           1 
  1.1   Background           1 
  1.2   Problem Statement          2 
  1.3   Objective            3 
  1.4   Scope            3 
  1.5   Summary            4 
 
 
 
 
      2  LITERATURE REVIEW          7 
  2.1   Introduction           7 
  2.2   Mesh and multiresolution techniques        7 
  2.3    Stress Analysis           9 
   2.3.1 What is Stress ?         11 
    2.3.1.1 Sequence of Calculations        11 
 ix
    2.3.1.2 Stress Calculation         11 
   2.3.2 Types of Problem          12 
    2.3.2.1 Plane Stress          12 
    2.3.2.2 Plane Strain          13 
   2.3.3 Stress and Strain equations         15 
  2.4 Solid Modeling            15 
  2.5 Finite Element Analysis          17 
   2.5.1 The Finite Element Displacement   
    Method – General Procedure         21 
   2.5.2 Selection of the Elements Type        22 
   2.5.3 Plane stress/strain FEA using constant strain 
    triangles (FEPCST)          25 
   2.5.4 Plane stress/strain FEA using linear strain 
    triangles (FEPLST)          28 
  2.6 Color Distribution mapping          30 
 
 
 
 
     3  METHODOLOGY           32 
  3.1   Introduction           32 
  3.2   Flow Diagram           32 
  3.3   Input Object Model          33 
  3.4 Stress Analysis Using COSMOS Software       36 
   3.4.1 Drawing the object and transfer it        36 
   3.4.2 Choosing the Material          38 
   3.4.3  Restraint and Load           40 
   3.4.4 Mesh Procedure          42 
   3.4.5 Running Procedure          44 
  3.5 Visualization             44 
  3.6 System Requirements          44 
   3.6.1 Softwares           44 
    3.6.1.1 Turbo BASIC Ver 1.0 and GWBasic      44 
    3.6.1.2 AutoCAD 2000         45 
    3.6.1.3 COMOSDesignSTAR 4.0 (2003)       45 
 x
      4  RESULTS AND DISCUSSION         46 
  4.1 Introduction            46 
  4.2 Implementation in program          46 
   4.2.1 Description of program         46 
   4.2.2 Data preparation         49 
   4.2.3 Program FEPLST         50 
  4.3 COSMOS Results           52 
  4.4 Design Check            54 
  4.5 A comparison between the Code and COSMOS       55 
 
 
 
 
      5  CONCLUSIONS AND RECOMMANDATIONS       62 
 
 
 
 
REFERENCES             64 
Appendices A – B                 66 – 75 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xi
 
 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO.    TITLE    PAGE 
 
4.1 List of results generated on nodes from running the code      60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xii
 
 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO.    TITLE    PAGE 
 
1.1 Stress test progress           5 
1.2 A box with 10×20×180 dimensions drawn from the point 0,0,0     6 
2.1 Original, irregular, semi-regular and regular remesh       8 
2.2 Typical example of the maximum and minimum spots      9 
2.3 Numerical way of linear and nonlinear approach       12 
2.4 Plane stress problems           13 
2.5 Plane strain problems           14 
2.6 Element volume            14 
2.7 Top level classes and associations          18 
2.8 Example structural model showing map functionality       19 
2.9 Components of the node class.          20 
2.10 Interaction diagram for the MATLAB-based interface       21 
2.11 Simple line element typically used represent a bar or beam element     23 
2 12 Two-Dimension elements represent plane stress/strain       24 
2.13 Three-Dimension elements           25 
2.14 Crude element triangles           26 
2.15 Area of triangle in the space           27 
2.16 High and Draft mesh procedure          28 
2.17 The division of triangles area generated from mesh        29 
2.18 Different types of color distribution           30 
3.1 Flow diagram for the applied procedures         32 
3.2 An object (box) drawn in AutoCAD          35 
3.3 A UCS directions for the drawn object in AutoCAD       35 
3.4 Three cylinders after running the test         38 
3.5 Material dialog box            39 
3.6 The restraint face to the object in COSMOS         40 
 xiii
3.7 Loads dialog and its options           41 
3.8 The load face with uniform pressure          42 
3.9 The options dialog in COSMOS package         43 
4.1 FEA flowchart            51 
4.2 The effect on the object after the stress        52 
4.3 Same object with the mesh lines, Max and Min points      53 
4.4 List dialog from COSMOS screen         53 
4.5 The effect on the object after the stress         54 
4.6 The effect on the object after the stress         55 
4.7 Cross section to the object           56 
4.8 Uniform Pressure on the object          56 
4.9 Different amount of pressure on the object         56 
4.10 The stress analysis result on 2D box          58 
4.11 List results for the generated nodes to the 2D box        58 
4.12 Nodes dimensions            59 
4.13 Nodes positions            59 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xiv
 
 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX    TITLE    PAGE 
 
A Source Code for the FEA Program         66 
B Program Results           75 
 
 
 
 
 
 
 
 
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
With the rapid increase in industry, engineers and designers start to receive a 
huge responsibility to keep a successful development and continuing progress of 
industry and updating it with the latest innovations.  Designers who are responsible 
in accomplishing the first step of any plant are in real need to ensure a successful 
update and safe designs.  But it is not an easy job since design processes are very 
sensitive and can led to undesired result with, fatal result in case there are 
unnoticeable mistakes and errors in their designs. 
 
To come up with a proper design it is essential then to check up the entire 
design and to address the weakness in the design.  From this point of view it comes 
crucial to have certain tools represented by programs and softwares that could with 
the aid of computers to identify the weakness and the error in those designs that, 
consequently, would lead to a high quality product and time saving process. 
 
Unfortunately, up to now designers and engineers are still suffering from a 
high shortage in these tools causing a delay in some designs and unpredictable 
mistakes in others due to the less helpful tools exciting now.  Therefore, to find an 
ideal and accurate design it is necessary to carry out long and complicated 
calculations on the object to reach at the optimum design after a series of tests.  
However, under some circumstances, it may become difficult to perform these tests 
for several reasons, first of all, the highly cost calculation for the individual test and 
also due to the fact that some of these tests can be carried out repeatedly to stand at 
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some details that require high accuracy and a great deal of certainty in determining 
the deflection points.  This may provide a higher possibility to address the 
weaknesses in the object and consequently can be handled through a better treatment 
to achieve the ideal design (Akin, 1990). 
 
The process of determining the weaknesses in any object represents a critical 
issue due to the difficulties associated in the calculation.  To detect these weaknesses 
accurately in spit of these tests can be recorded on video tape or through the use of 
sensors to record the tests results.  These difficulties are raised from the unclear 
change which is almost invisible for direct human observation.  For example, the 
total failure of an object as a subsequent of a partial collapse under the effect of 
progressive stress could be noticeable for human observation in some cases and 
unnoticeable in other cases as a final result due to the experimental physical 
environment.  Accordingly, considering this situation it becomes questionable that 
when and where the deflection had started on the object (Lee and Kim, 2004). 
 
Taking these difficulties into account it is necessary then to carry out these 
complicated calculations on highly speed computers that would save appreciable 
efforts, cost and time.  Moreover it provide the possibility of getting advantages from 
using these computers in computer graphics field that give a better vision on the 
object using color distinguishing codes which have been defined previously.  
 
 
 
 
1.2 Problem Statement 
 
 
The use of AutoCAD software facilitates faster and speedy methods for 
designers and users to reach at the desired objects designs in well views.  
Furthermore, it helps those users to adapt with their designs by providing easy tools 
for carrying out further modification in the designs.  AutoCAD software contains 
many toolbars which give assistance to users to draw the object in well and smooth 
way. However, this software is incapable to provide all design requirements to the 
designers as they want more details on the analysis that could be performed on their 
designs.  This is because the AutoCAD software is designed for drawing objects. It 
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does not provide such operations or instructions like stress analysis.  Hence, another 
software is required to accomplish the mission of analysis on those objects drawn in 
AutoCAD.  One of the most useful softwares for this purpose is the COSMOS 
software which equipped with many facilities enabling designers to carry out a 
comprehensive analysis on different type of objects drawn or designed by AutoCAD. 
 
Using high level languages such as OpenGL or C++ or BASIC to generate 
their own codes and could be possible for designers and users with program 
experiences for performing stress analysis on certain materials which are not 
available in the standard list of these softwares, and consequently different properties 
which are not accounted for. From this point of view, it is the reason why a large 
softwares like AutoCAD and COSMOS till now are containing features of adding or 
expanding the libraries in each of these softwares, in order to give the possibility for 
adding some modifications which can be considered as a system development and 
also to get an appreciable knowledge in how to use and get the optimum benefit from 
these softwares (Woo et al., 1999). 
 
 
 
 
1.3 Objective  
 
 
1. To study and test the behavior of stress forces based on Finite Element 
Analysis. 
2. To make comparison study of the proposed technique with COSMOS 
software test. 
 
 
 
 
1.4 Scope 
 
 
The scope for this project is drawn on the following unit: 
1. A modeling object is drawn using AutoCAD 2000 software. 
2. The designed object is formed on a box of  10×.20×180 mm 
3. The stress amount that is enforced on the object is 10 N/mm 
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4. Visualization of the stress analysis will be based on predefined color 
distribution template. 
5. Mesh processing for the modeling technique will be based on triangles 
instead of polygons. 
 
 
 
 
1.5 Summary 
 
 
Finite element Model used for dividing the object into small pieces to 
facilitate calculation procedure.  The changes occur on a part due to the fact that all 
parts are contained in the entire object.  Therefore, it is expected that a better results 
could be achieved if the object is divided into a larger number of pieces, which it 
may exceed hundreds or thousands of parts related to one object.  This may lead to 
better knowledge and accurate computing to what could be occurring to the object. 
Nevertheless, the time will be increased as a result of the long calculations on a large 
number of parts.  However, time factor will be sacrificed to get a better and valuable 
results needed for the test. 
 
To reach this objective, it is important to address several scopes that is 
adapted to achieve the goal.  The 3D object will be modified by adding several 
properties to the previous ground objects such as changing the original specification 
of the object.  The next step is to identify the characteristics of the object and its 
behavior at that specific condition of the test.  The test that will be considered in this 
work is the stress test to figure out the changes occurring on the object within the 
progress of the test. 
 
 The material that will be chosen for the test is the Alloy steel as an example 
which is among those basic materials founded in COSMOS software.  The COSMOS 
software will be used for verification purpose in order to evaluate the result and the 
validity of the algorithm.  The stress test that will be conducted is the vertical-
cauterized stress test as shown in Figure 1.1.  The object will be drown using 
AutoCAD software and then will be transferred to the COSMOS software for 
verification in term of strength; shape and degree of deflection though color code 
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distinguishing.  This requires an algorithm for Finite Element Analysis (FEA) to 
operate the process that will be constructed and applied using Turbo Basic compiler 
or MATHLAB depending on the convenience.  The algorithm will provide a 
complete description of changes occurring on the object within the progress of the 
test by mean of color distinguishing tool.  The shape will be used is the cylinder but 
also it can be reduced to a part of the cylinder if the mesh calculation or finite 
element analysis take a long time and hard efforts to obtained on the whole cylinder. 
 
 
 
e  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       (a)                          (b)                 
                                                                            
 
Figure 1.1  Stress test progress: (a) O
(c) Second stage of stress, (d) Final stage of
 
 
 Same test will be also applied on a box
shows the box with the proper dimensions, the
of forces needed to make a stress analysis an
obtain from the test will be illustrate in chapter
 
 Applied forc       (c)                          (d) 
                                                              
riginal Stage, (b) First stage of stress, 
 stress 
 with specific dimensions, Figure 1.2 
 way of drawing the box, the amount 
d other tests including all the results 
 3 in this study. 
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Figure 1.2  A box with 10×20×180 dimensions drawn from the point 0,0,0 
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